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Methods have been developed for i nco rpora t ing  

- B. s u b t i l i s  var.  n ige r  spores  i n  epoxy r e s i n  and p r e  

and recovering 

iminary d a t a  i n c i -  

cate t h a t  D values  i n  corpar i ron  t o  I u c i t c  may be twice as g r e a t  i n  t h i s  

type  of  p l a s t i c .  

r e s i s t a n c e  of spores  on s t a i n l e s r  s t e e l  mated su r faces  and pre l iminary  

d a t a  i n d i c a t e  t h a t  D values  w i l l  be much less f o r  spores  eo located than 

f o r  spores  encapsulated i n  Luci te .  Measurements of t h e  thermal resist- 

ance o f  spores  ad jus ted  to var ious  l e v e l s  of water a c t i v i t y  p r i o r  t o  

encapsula t ion  i n  h c i t e  i n d i c a t e  t h a t  water a c t i v i t y  may be a s i g n i f i c a n t  

cons ide ra t ion  i n  e s t a b l i s h i n g  dry heat s t e r i l i z a t i o n  processes .  

A system has  been developed f o r  measuring t h e  thermal 
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ECOLOGY AND THERMAL INACTIVATION OF MICROBES I N  

AND ON INTERPLANETARY SPACE VEHICLE COHPONENTS 

INTRODUCTION 

E f f o r t s  dur ing  t h e  Seventh h a r t e r  were expended t o  develop and 

e v a l u a t e  the  following: a wet gr inding system f o r  recovering v i a b l e  

spores  from i n s o l u b l e  p l a s t i c s ;  a sys tem f o r  a d j u s t i n g  the  water 

a c t i v i t y  (aw) of  spores  dur ing  f a b r i c a t i o n  of p l a s t i c  rods  and d e t e r -  

mining the  d ry  h e a t  r e s i s t a n c e  of such encapsulated spores ;  a system 

to determine t h e  d ry  h e a t  r e s i s t a n c e  of spores  trapped between mated 

s u r f  ace  8 .  

EXPERIMENTAL 

Method f o r  Fabr i ca t ing  Inoculated Epoxy Rods 

Scotchcast  E l e c t r i c a l  Resin No. 5 (Minnesota Mining and Manufac- 

t u r i n g  Company? was used to  develop a system f o r  the i n o c u l a t i o n  and 

recovery of v i a b l e  spores  from an in so lub le  p l a s t i c .  Epoxy shavings,  

on which an aqueous spore suspension would be inocula ted  and d r i e d ,  

were produced by d i s i n t e g r a t i n g  polymerized p l a s t i c  on an e l e c t r i c a l  

sanddng b e l t .  

Scotchcas t  Resin P a r t  A (syrup) and P a r t  B (hardner)  i n  a 2 : l  ratio. 

The c a s t i n g  syrup w a s  poured i n t o  a beaker coated w i t h  Mold Release 225 

The s o l i d  p l a s t i c  was prepared by thoroughly mixing 

(Ram Chemicals, Inc.)  and allowed 3 hours  to  polymerize i n  a water bath 

a t  50' C. The release agent was applied t o  the  mold (beaker) with a 

c o t t o n  a p p l i c a t o r  and baked a t  225.F f o r  1 hour.  

were autoclaved a t  15paunds pretssure f o r  15 Qinutes and d r i e d  ove rn igh t  

The p l a s t i c  shavings 
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i n  a forced a i r  oven a t  50' C. Sixteen  grams of dry ,  s t e r i l e  epoxy 

shavings contained i n  a steri le dry ing  pan were inocula ted  with 6.4 

mil l i l i t e r s  of a s tock  aqueous suspension of Bac i l lu s  s u b t i l i e  va r .  

n i g e r  spores (1 x 10l1 spores/ml).  

a i r  oven fo r  30 minutes. The pan was removed and the  shavings were 

placed i n  a s t e r i l e  motar and ground by hand u n t i l  t he  inoculum appeared 

t o  be evenly d i s t r i b u t e d .  

and heated for an a d d i t i o n a l  30 minutes i n  t h e  oven followed by a second 

gr inding  i n  a motar. 

des i cca to r  f o r  one and one-half  hours  a t  room temperature followed by 

19 hours  a t  20' C.  The des i cca t ed  shavings were added t o  64.0 grams of 

Scotchcast  Resin P a r t  A (syrup) and mixed u n t i l  t h e  shavings appeared t o  

be evenly d i s t r i b u t e d  throughout t h e  resin. For ty-e ight  grams of P a r t  B 

(hardner) were added t o  t h e  inocula ted  r e s i n  and the  c a s t i n g  syrup 

was mixed u n t i l  i t  appeared to  be homogeneous. The c a s t i n g  syrup was 

placed i n t o  an Erlenmeyer vacuum f l a s k  and evacuated with a water pump 

t o  remove gas  bubbles.  The syrup was poured i n t o  s t e r i l e  co t ton  stoppered 

thermal-death-time tubes prev ious ly  coated with Mold Release 225 a s  

descr ibed  above. 

Following polymerization, t he  tubes were sea led  i n  an oxy-gas flame. 

This  method c o n s i s t e n t l y  produced inocula ted  epoxy rods  t h a t  were r i g i d ,  

u n f i l l e d ,  c l e a r ,  f r e e  of bubbles,  and which contained 1 x LO8 spores  per  

gram of p l a s t i c .  

The pan was placed i n  a 50' C forced 

The shavings were re turned  t o  t h e  dry ing  pan 

The dry  shavlngs were s t o r e d  over s i l i c a  g e l  i n  a 

The tubes were placed i n  a 50. C water bath f o r  3 hours .  
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Method for Recovering Viable Spores from Epoxy Rods 

Sealed TDT tubes were heated by complete submersion i n  a s i l i c o n e  

bath f o r  va r ious  t i m e  i n t e r v a l s  a t  the test  temperature. Heat t r e a t e d  

tubes were cooled i n  ice water, washed with de t e rgen t ,  and r insed with 

d i s t i l l e d  water.  The tubes were su r face  d i s i n f e c t e d  i n  a s a t u r a t e d  

iod ine  s o l u t i o n  made up i n  70% e t h y l  a lcohol .  

removed from t h e  a l coho l - iod ine  bath,  wiped d r y  with a ster i le  paper 

towel, and scored and opened. The epoxy rod was removed a s e p t i c a l l y ,  

placed i n  a steri le,  screw-capped tube, and t h e  tube was weighed. Next, 

t h e  rod was i n s e r t e d  i n t o  the  e n t r y  p o r t  of  a modified Waring blendor i n  

which t h e  knives  were replaced with a leached 220 g r i t  s i l i c o n e  ca rb ide  

g r i n d i n g  d i s k  ( F i r s t  Qaarter ly  Report o f  Progress) .  Two hundred d11i- 

l i ters  of s t e r i l e  tryptone, glucose,  beef extract  broth made up t o  con ta in  

0.0004% Dow Corning Antifoam AP were p i p e t t e d  i n t o  t h e  blendor and a h a l f  

inch s e c t i o n  of t h e  p l a s t i c  rod was ground by applying a 2000 gram weight 

to  t h e  p i s ton .  A d i l u t i o n  p l e t e  count of t h e  ground suspension was made 

u s i n g  buffered phosphate d i l u t i o n  water a s  t h e  d i l u e n t .  A l l  p l a t e s  were 

poured with =E agar  made up to con ta in  5 m 1  of Tween 80 and 0.7 gram of 

Aso lec t in  p e r  l i t e r  incubated 7 2  hours a t  35. C, counted, and the  number 

of  v i a b l e  spo res  pe r  gram of p l a s t i c  was c a l c u l a t e d .  

Ihe tubes were a s e p t i c a l l y  

I n i t i a l  experiments a t  135. C on t h e  d r y  h e a t  r e s i s t a n c e  of t .  
s u b t i l i s  va r .  n i g e r  spo res  encapsulated i n  epoxy r e s i n  by t h e  procedure 

desc r ibed  above i n d i c a t e  t h a t  t h e  D value f o r  spo res  i n  epoxy w i l l  be 

g r e a t e r  (about 2.5 hours) than t h e  D value f o r  t h e  same spores  i n  Lucite 

(1.35 hours) . 
- 4 -  



Method f o r  Con t ro l l i ng  t h e  Water A c t i v i t y  of Spores During F a b r i c a t i o n  -- -- 

of P l a s t i c  Rods 

Data presented by Murre11 and S c o t t  (1,2) i n d i c a t e  t h a t  t h e  d r y  h e a t  

r e s i s t a n c e  of b a c t e r i a l  spores  i s  r e l a t e d  t o  t h e  water a c t i v i t y  (aw) of 

t h e  spores.  I n  o rde r  t o  determine t h e  e f f e c t  of aw on t h e  d ry  h e a t  re- 

s i s t a n c e  of spo res  encapsulated i n  p l a s t i c ,  t h e  following method was 

devised for  i nco rpora t ing  spores  of known water a c t i v i t y  i n t o  p l a s t i c .  

I u c i t e  powder, i n  a dry ing  pan, was inocu la t ed  and d r i e d  a t  50. C 

i n  a forced a i r  oven a8 descr ibed previouoly.  The pan con ta in ing  t h e  

d r y  inoculated powder war placed i n  a d e s i c c a t o r  (12 i n .  diameter) con- 

t a i n i n g  500 ' m i l l i l i t e r s  of a s a t u r a t e d  s a l t  s o l u t i o n .  The d e s i r e d  e a t u r -  

a t e d  s a l t  s o l u t i o n  required to  y i e l d  a vapor p re s su re  of  known aw a t  25O C 

i n  a sealed con ta ine r ,  w a s  s e l e c t e d  from Robinson and Stokes (3). The 

s a t u r a t e d  s o l u t i o n  and excess c r y s t a l s  were poured i n t o  the  bottom of t he  

d e s i c c a t o r ;  t h e  pan con ta in ing  t h e  d r y  spo res  was placed on t h e  p l a t e  

above t h e  so lu t ion ,  and the  d e s i c c a t o r  was sealed and s t o r e d  2 weeks i n  

an incubator  ope ra t ing  a t  25' C +- 0 . 5 .  C. A t  t h e  end of two weeks, t he  

pan of inoculated powder was removed from t h e  d e s i c c a t o r  and the  powder 

was inmediately mixed with an equal  volume of  methyl methacrylate  monomer 

t o  produce 8 c a s t i n g  syrup. The subsequent procedure f o r  t he  f a b r i c a t i o n  

of p l a s t i c  rods,  exposure of t he  polymerized rods to  a d r y  h e a t  cyc le  

and recovery of v i a b l e  spo res  from heated rods i s  i d e n t i c a l  t o  t h a t  de- 

s c r ibed  i n  t h e  Fourth Quarter ly  Report of  Progress .  

To d a t e ,  prel iminary experiments i n d i c a t e  a marked d i f f e r e n c e  i n  

the  d ry  heat  r e s i s t a n c e  of spo res  exposed to  an aw of 0 .9  and 0.4. Under 
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cond i t ions  of high water a c t i v i t y  ( 0 . 9 ) ,  spores  appear to  be more SUB- 

c e p t i b l e  to  d r y  h e a t .  

per  gram of I u c i t e  was reduced t o  lo5 spores  per  gram a f t e r  10 minutes 

exposure a t  135' C, whereas, sporeo adjusted to  an aw = 0.4 requi red  

over  2 hours  f o r  t h e  o r i g i n a l  inoculum of  10 spores  per  gram of h c i t e  

to  be reduced to  lo5 spores  pe r  gram. 

The o r i g i n a l  inoculum of lo8 spores  (aw = 0.9) 

8 

- Method f o r  Determining the  Dry Heat Resis tance of Spores Trapped between 

- Hated Surfaces  

I n  o rde r  to  develop a terminal  s t e r i l i z a t i o n  cyc le ,  t he  d r y  h e a t  

r e s i s t a n c e  of spores  trapped between mated ru r f aces  mrst  be e s t a b l i s h e d .  

A u n i t  ( f i g u r e  1) has been designed and the  procedure descr ibed  below has 

been developed to  e s t a b l i s h  d r y  hea t  s t e r i l i z a t i o n  cyc le s  f o r  spores  

trapped between such su r faces .  

A l i q u o t 8  (0.01 rnl )  of an aqueous spore  suspension was p i p e t t e d  onto  

d i s k s  f ab r i ca t ed  from Y302 s t a i n l e s r  steel with a No. 4 f i n i s h  on one 

face  o f  t he  d i s k  (C, Pig. 1 ) .  The inoculum was placed on that face of 

t he  d i s k  with t h e  No. 4 f i n i s h  and allowed to  d r y  i n  a forced a i r  oven 

f o r  1 hour a t  50' C. 

i n  a d e s s i c a t o r  f o r  1-1 /2  hour8 a t  toom temperature followed by 19 hours  

a t  20° C. The dess i ca t ed  d i s k s  were mounted with the  inocula ted  s u r f a c e  

ad jacen t  to  the  No. 4 f i n i s h  o f  a second uninoculated d i s k  (B, Fig.  1) on 

rod D (Fig. 1). Rods A and D were threaded toge the r  t o  a cons t an t  torque 

of 12 inch pounds. Each mated sur face  u n i t  was sea led  i n  a s te r i le  TDT 

tube with an oxy-gas flame. h p l i c a t e  samples were exposed f o r  va r ious  

The d ry  inocula ted  d i s k s  were s t o r e d  over s i l i c a  gel 
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time i n t e r v a l s  a t  t he  test temperature i n  0 s i l i c o n e  bath,  cooled,  washed, 

and sur face  d i s i n f e c t e d  a s  descr ibed  previous ly .  

The tubes were scoted and opened and both disks (B and C, Fig. 1) 

were a s e p t i c a l l y  placed i n  a test tube (16 x 150 ma) conta in ing  4.0 m i l l i -  

l i t e r s  o f  phosphate buffered d i l u t i o n  water  made up t o  con ta in  0.0001% 

Tueen-80. The tubes were placed i n  an u l t r a s o n i c  bath f o r  10 minutes 

a f t e r  which they were s to red  a t  4. C u n t i l  assayed. The con ten t s  of each 

tube were mixed 10 seconds in a vor t ex  mixer, and a d i l u t i o n  p l a t e  count 

was made ueing phosphate buffered d i l u t i o n  water a s  t h e  d i l u e n t .  A l l  

p l a t e s  were poured with TGE agar ,  incubated 24 hours  a t  35. C, counted 

and the  number of  v i a b l e  spores pe r  d i s k  ca l cu la t ed .  

I n i t i a l  experiments on t h e  recovery of spores  from t h e  s t a i n l e s s  

steel d i sks  i n d i c a t e  t h a t  97-100 percent  o f  t h e  o r i g i n a l  aqueous inoculum 

can be recovered. (Table 1). 

Dry Heat Resis tance of E. s u b t i l i c  va r .  n i g e r  Spores Encapsulated i n  

Luci te  Rods 

I n  the  S ix th  Ouerter ly  Report of Progress ,  0 va lue  of ZD = 20.8 

Centigrade degrees  was repor ted  f o r  t h e  s lope  of t h e  l i n e  obtained when 

t h e  D values  f o r  - B. s u b t i l i s  va r .  n ige r  spores  encapsulated i n  Luci te  

were p lo t t ed  aga ins t  temperature i n  the  range of  1 0 5 O  C t o  160° C.  The 

D va lues  for  160' C repor ted  l a s t  q u a r t e r  and used t o  o b t a i n  the  ZD 

values  were not  cor rec ted  f o r  thermal l a g  which accounted f o r  approxi-  

mately 55% of the  t o t a l  experimental  exposure t i m e .  Correct lone were 

made of these da t a  and t h e  fol lowing co r rec t ed  ve lues  obtained:  
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I '  

* Experiment I, D160 = 4.6 Pin., 95% confidence in t e rva l  of 4.4 t o  4.8 min.; 

Experiment 11, Dlm = 4.1 d n . ,  95% confidence in t e rva l  of 3.6 t o  4.5 d n .  

These corrected D160 valuer were ured f o r  ca lcu la t ing  a new rcgrereion 

l i n e  fo r  zD for  a l l  the Iucite da t8  obtained a t  temperature. of 105. C 

t o  160. C. 

a 95% confidence in t e rva l  of 19.3 to  22.1 Centigrade degreer. 

t h e  cor rec t ionr  resul ted i n  only minor ch.nger for  the values given i n  

the S i t t h  Quarterly Report of Progrerr, the new values l i s t e d  herein should 

be subs t i tu ted  for  those prevlourly reported i n  order t o  avoid confurion 

in t h e  future.  

2he new value obtained war tD P 20.7 Centigrade degrees with 

Though 

PROJECTED BgsEARCH FOR TRE EIGRl" QUARTER 

Effor t s  during t h e  next quarter w i l l  be directed toward obtaining 

D values for  E. s u b t i l i r  vat .  nlger rporer eqcapeulated i n  epoxy r e s i n  

and trapped between mated rurfacer.  I n  addition, the e f f e c t  of the water 

a c t i v i t y  (a,J of eporer on t h e i r  d r y  heat r e r i r t ance  w i l l  be evaiuated 

fur ther .  

i .  

, 
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TABLE I 

~ ~~ - 

Aqueous Inoculum 

Wet Dish 

Dry Dish 

L o w  Inoculum 
Leve 1 

*lo1 

97 

99 

High Inoculum 
Leve 1 

10 105 

9 . 9  10s 

9.9 105 

!n diskr .  
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Fig. 1 
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